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1
HOSE CLAMP

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

This application claims the benefit of U.S. Provisional
Patent Application No. 61/338,233, filed Sep. 23, 2011, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

This mvention relates generally to hose clamps used to
connect a somewhat pliant hose to a more rigid tube or com-
ponent.

BACKGROUND

Hose clamps are typically used to exert a radially contract-

ing force against an underlying hose, tube, component, or a
combination thereof 1n order to provide a joint. The underly-
ing hoses are typically made of rubber or another flexible
material, while the tube or component 1s typically made of
plastic, metal, or another hard material. Hose clamps com-
monly include a band and a worm drive mechanism to tighten
the band on the hose, tube, or component. To be effective,
hose clamps should provide a fluid-tight seal at the joint.

SUMMARY

In accordance with an aspect of the mvention, there 1s
provided a hose clamp that includes a band and a worm drive
mechanism. The band has a first circum{erential end, a second
circumfierential end, and a set of slots located between the first
and second circumierential ends. The band also has a first
axial end, a second axial end, and a generally arcuate shape 1n
axial sectional profile between the first and second axial ends.
The band further has a pocket defined at an underside of the
band by the generally arcuate shape. The worm drive mecha-
nism 1s connected to the band and can be operated to radially
contract the band during a tightening action of the hose
clamp. The worm drive mechanism includes a screw with a
partially or more threaded shank that engages the slots of the
band upon rotation of the screw 1n order to cause the radial
contraction of the band. The connection between the worm
drive mechanism and the band includes one or more hooks
with a free end located at the pocket. Different embodiments
of this hose clamp may include one or more of the following
additional features either alone or according to all techmically
possible combinations:

In use, the band may make sealing contact with an under-
lying hose substantially continuously around the con-
tacting circumierence of the band without substantial
interference by the one or more hooks.

The band may have a first rounded foot at the first axial end
and may have a second rounded foot at the second axial
end, the first and second rounded feet may make greater
sealing contact with an underlying hose than that made
by the band at the pocket.

The free end of the one or more hooks may be located at a
radial outward position relative to a center axis of the
hose clamp that may be farther away from the center axis
than a radially outward position of a radially-inwardly-
most surface of the band.

The band may have a cutout and the worm drive mecha-
nism may include a saddle from which the one or more
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hooks may extend, and the one or more hooks may
extend through the cutout at the pocket.

The one or more hooks may have a nosed end located
adjacent a cutout, and, between the free end of the one or
more hooks and the nosed end, the one or more hooks
may be directed generally along the circumiference of
the band and may be located within the pocket.

The generally arcuate shape 1n axial sectional profile of the
band may have an apex, the band may have a cutout at
the apex, and the one or more hooks may extend through
the cutout and may lay at the underside of the band
adjacent the apex.

The band may have a first cutout and may have a second
cutout, the one or more hooks may include a first hook
and may include a second hook, and the first hook may
extend through the first cutout and the second hook may
extend through the second cutout for making the con-
nection between the worm drive mechanism and the
band.

The worm drive mechanism may include a saddle having a
sidewall, the one or more hooks may extend from the
sidewall, the one or more hooks may extend around the
first or second axial end of the band 1n order to connect
the saddle to the band, a recess may be located at a
transition between the sidewall and the one or more
hooks so that a lateral length of the one or more hooks at
the axial end may be less than a lateral length of the
sidewall.

The worm drive mechanism may include a cover and may
include a saddle connected to the cover via a tab of the
cover or of the saddle nserted mto an opening of the
other of the cover or the saddle, the cover may enclose a
part or more of the screw, the saddle may support the
band at the worm drive mechanism, and the one or more
hooks may extend from the saddle.

The generally arcuate shape 1n axial sectional profile of the
band may be displaced radially outwardly during the
tightening action of the hose clamp and thereby may
exert a force against an underlying hose after the tight-
ening action in order to maintain a seal between the hose
clamp and the underlying hose during use of the hose
clamp.

The worm drive mechanism may include one or more
springs biasing the screw to effect radial contraction of
the band 1n order to maintain a seal between the hose
clamp and an underlying hose during use of the hose
clamp.

One or more spring washers may be disposed around the
screw and may bear against the worm drive mechanism
to effect radial contraction of the band 1n order to main-
tain a seal between the hose clamp and an underlying
hose during use of the hose clamp.

In accordance with another aspect of the invention, there 1s
provided a hose clamp that includes a band, a worm drive
mechanism, and a spring. The band has a first circum{ierential
end, a second circumierential end, and a set of slots located
between the first and second circumiterential ends. The worm
drive mechanism 1s connected to the band and can be operated
to radially contract the band during a tightening action of the
hose clamp. The worm drive mechanism includes a screw
with a partially or more threaded shank that engages the slots
of the band upon rotation of the screw 1n order to cause the
radial contraction of the band. The spring causes continued
radial contraction of the band against an underlying hose
during use of the hose clamp 1n order to maintain a seal
between the band and the underlying hose. Ditlerent embodi-
ments of this hose clamp may include one or more of the
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tollowing additional features either alone or according to all
technically possible combinations:

The spring may cause continued radial contraction of the
band against the underlying hose when the underlying
hose experiences size expansion and contraction due to
temperature fluctuations during use of the hose clamp.

The spring may be constituted by a generally arcuate shape
in axial sectional profile of the band between a first axial
end of the band and a second axial end of the band, and,
during use, the axial sectional profile 1s displaced radi-
ally outwardly during the tightening action of the hose
clamp and thereby exerts a force against the underlying
hose after the tightening action 1n order to maintain the
seal between the band and the underlying hose.

The spring may bias the screw to effect radial contraction
of the band in order to maintain the seal between the
band and the underlying hose.

The spring may include multiple spring washers that are
disposed around the screw and that bear against the
worm drive mechanism in order to maintain the seal
between the band and the underlying hose.

In accordance with yet another aspect of the mvention,
there 1s provided a hose clamp that includes a band, a worm
drive mechanism, and a spring. The band has a first circum-
ferential end, a second circumfterential end, and a set of slots
located between the first and second circumierential ends.
The band also has a first axial end, a second axial end, and a
generally arcuate shape 1n axial sectional profile between the
first and second axial ends. The worm drive mechanism 1s
connected to the band and can be operated to radially contract
the band during a tightening action of the hose clamp. The
worm drive mechanism includes a screw with a partially or
more threaded shank that engages the slots of the band upon
rotation of the screw 1n order to cause the radial contraction of
the band. The spring bears against the screw and bears against
the worm drive mechanism 1n order to bias the screw to effect
radial contraction of the band. The generally arcuate shape of
the band and the spring cause continued radial contraction of
the band against an underlying hose during use of the hose
clamp 1n order to maintain a seal between the band and the
underlying hose.

It 1s envisaged that the various aspects, embodiments,
examples, features, and alternatives set out 1 the preceding
paragraphs, 1n the claims, and/or 1n the following description
and drawings, may be taken independently or 1n any combi-
nation thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred exemplary embodiments of the ivention waill
heremnafter be described 1n conjunction with the appended
drawings, wherein like designations denote like elements,
and wherein:

FIG. 1 15 a side view of one embodiment of a hose clamp;

FI1G. 2 1s a sectional view of the hose clamp of FIG. 1, taken
at arrows 2-2:

FI1G. 3 1s another sectional view of the hose clamp of FIG.
1,

FI1G. 4 1s an enlarged view of another embodiment of a hose
clamp;

FIG. 5 1s an enlarged view of yet another embodiment of a
hose clamp;

FIG. 6 1s an enlarged view of yet another embodiment of a
hose clamp;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 7 1s a sectional view of the hose clamp of FIG. 6; and
FIG. 8 1s an enlarged view showing a connection between

a band and a worm drive mechanism of the hose clamp of FIG.
6.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(1]
By

ERRED

Referring to the drawings, the figures show several
embodiments of a hose clamp that provides a fluid-tight seal
with an 1improved clamping pressure compared to some pre-
viously known hose clamps. The hose clamp 1s suitable for
use 1n the automotive, aircrait, marine, heavy-duty equip-
ment, and agricultural industries, as well as other industries
and other applications. And, as used herein, the terms
“hose(s)” refer to tubular bodies such as rubber or plastic
hoses used for coolant lines, fluid lines, o1l lines, and air ducts,
as well as other lines. Furthermore, unless otherwise speci-
fied, the terms radially, axially, and circumierentially refer to
directions with respect to the generally circular and somewhat

cylindrical shape of the hose clamp.

Referring to FIGS. 1-3, a first embodiment of a hose clamp
10 includes a band 12 and a worm drive mechamism 14. The
band 12 wraps around the associated and underlying hose and
1s tightened down on 1t and on a tube or component by the
worm drive mechanism 14. The band 12 can be made of a
metal material, such as tempered stainless steel or another
suitable metal, and can be formed to 1ts final shape via suitable
metalworking processes. The band 12 extends in the circum-
terential direction between a first circumierential end 16 and
a second circumierential end 18. A connection to the worm
drive mechanism 14 can be located at or adjacent the first
circumierential end 16, at or adjacent the second circumfier-
ential end 18, or at a position somewhere between the first and
second circumierential ends. The first circumferential end 16
1s free to move back-and-forth and in-and-out of the worm
drive mechanism 14 during tightening and loosening of the
hose clamp 10. Between the first and second circumierential
ends 16, 18, the band 12 has a structurally continuous and
circumierentially extending body. On a radially imnwardly-
facing side, the band 12 has an mnner surface 20 that, 1n use,
directly or indirectly confronts the hose; and on a radially
outwardly-facing side, the band has an outer surface 22.

Furthermore, the band 12 includes multiple perforations or
a set slots 24 that are located in the body of the band, and, 1n
this embodiment, are located near the first circumierential
end 16. The slots 24 are engaged by the worm drive mecha-
nism 14 during the tightening and loosening action of the hose
clamp 10. The slots 24 are spaced apart from one another and
span along a section of the circumierence of the band 12 for
a distance determined by the expected or desired radial con-
traction and expansion amount of the particular application;
in other embodiments, the slots can span from end-to-end
along the entire circumierence of the band or can stretch
around the band’s circumierence by another amount. As
shown 1n FIGS. 1 and 2, the slots 24 1n this embodiment are
located along a section of the band 12 that 1s flat and substan-
tially geometrically straight in axial cross-section profile; this
can ease interaction between the band 12 and a screw of the
worm drive mechanism 14 and 1s not necessary in other
embodiments. As shown 1n FIG. 3, 1n this first embodiment
cach of the slots 24 extends completely radially through the
body of the band 12 between the inner and outer surfaces 20,
22: 1in other embodiments, the slots need not extend com-
pletely through the body and instead could be pinched or
stepped structures formed in the band, or could have another
formation. Each slot 24 can have an arcuate edge directed
toward one of the first or second circumfterential ends 16, 18,
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and can have a planar edge located opposite the arcuate edge;
other edge lines and slot shapes are possible 1n other embodi-
ments.

The worm drive mechanism 14 1s actuated to cause radial
contraction and expansion of the band 12, and keeps the band
at the desired radial position and diameter after actuation. In

general, the worm drive mechanism 14 1s located on the outer
exterior side of the band 12. In the first embodiment, the
worm drive mechanism 14 includes a cover 26, a saddle 28,
and a screw 30.

Still referring to FIGS. 1-3, the cover 26 serves as a roof of
the worm drive mechanism 14 and encloses a threaded shank
32 of the screw 30. The cover 26 has a top wall 34 generally
shaped as a hali-cylinder, and has a pair of lateral walls 36
extending from the top wall. The lateral walls 36 each have
openings for recerving tabs 38 that are unitary extensions of
the saddle 28, and together the interconnected openings and
tabs provide a mechanical connection and interlock between
the cover 26 and the saddle. The cover 26 also has a skirt 40
that extends and 1s generally directed radially downwardly
from each of the lateral walls 36. The cover 26 has a first and
second open end 42, 44 on opposite sides of the top wall 34 to
accommodate protruding portions of the screw 30. The saddle
28 serves as a tloor of the worm drive mechanism 14 and
supports and guides movement of the band 12 in-and-out of
the worm drive mechanism during the tightening and loosen-
ing actions. As described 1n more detail below, the saddle 28
also provides part of the connection between the worm drive
mechanism 14 and the band 12. Referring in particular to
FIGS. 2 and 3, the saddle 28 has a bottom wall 46, a first
sidewall 48 that 1s a unitary extension of the bottom wall, and
a second sidewall 50 that 1s also a unitary extension of the
bottom wall. The bottom wall 46 makes direct abutment and
contact with the band 12, and can have a somewhat arcuate
shape 1n cross-sectional circumierential profile as shown 1n
FIG. 3 1 order to complement and accommodate the circum-
terential profile of the band. The first and second sidewalls 48,
50 extend and are directed radially upwardly from the bottom
wall 46. The tabs 38 extend even further radially upwardly
from the sidewalls 48, 50 and are respectively iserted into the
openings of the cover 26 for connection therebetween; 1n this
example, there are a total of four tabs and four openings.
Other ways of connecting the cover 26 and the saddle 28 are
possible, including, for example, providing openings in the
saddle and corresponding tabs 1n the cover.

The screw 30 1s held between the cover 26 and the saddle
28, and 1s rotated to engage the slots 24 of the band 12 during
the tightening and loosening actions. Referring in particular
to FIG. 3, the screw 30 1s generally arranged tangentially
relative to the circumierence of the band 12. The screw 30 has
a head 52 and has the threaded shank 32 as a unitary extension
of the head. In assembly, the head 52 1s located outside of the
cover 26 for accessibility, while the threaded shank 32 1is
enclosed mostly 1nside of the cover. The threaded shank 32
has threads that are inserted 1nto the slots 24 and, upon rota-
tion of the screw 30, move the band 12 1in-and-out of the cover
26 and the saddle 28. Though not shown 1n this embodiment,
the screw 30 can have one or more protrusions, such as a
terminal end cap, bearing against the cover 26 in order to help
prevent the screw from moving 1n 1ts longitudinal direction
while being rotated, and help ensure that the screw rotates
in-place iside of the cover.

In other embodiments, the worm drive mechanism can
have different designs and constructions than those shown in
the figures and described above. For example, the worm drive
mechanism could have a one-piece construction in which the

5

6

cover and the saddle are portions of a single piece; here, there
would be no need for an interconnecting structure between
cover and saddle.

Maintaining clamping pressure over the lifetime of a joint
1s often desirable and sometimes needed 1n a given applica-
tion. In some known hose clamps, however, the clamping
pressure diminishes over time due to age, temperature fluc-
tuations and the resulting thermal expansions and contrac-
tions, and due to other causes. This can weaken the seal at the

10 joint and lead to ineffectiveness and leakage. In at least some
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of the embodiments disclosed herein, the hose clamp 10 1s
provided with a clamping-pressure-restoring construction
and capability, or a pre-loaded sealing force, so that suitable
clamping pressure 1s substantially maintained over the useful
lifetime of the hose clamp and an effective seal 1s therelore
provided. In this embodiment, the clamping-pressure-restor-
ing construction 1s provided 1n the form of a spring consti-
tuted by an arcuate shape of the band’s body.

Referring to FI1G. 2, the band 12 has a generally arcuate and
curvilinear cross-section 1n axial profile between a first axial
end 56 and a second axial end 38. As previously described,
however, the arcuate shape can be absent at the tlat shaped
section of the band 12 with the slots 24. Where present, there
can be only a single arc spanming between the first and second
axial ends 56, 58, as shown 1n the figures. An apex or crest 60
ol the arcuate shape resides between the first and second axial
ends 56, 58 and 1s at an approximate central region of the band
12 in this embodiment. A pocket 62 1s located at a radial
underside of the band 12 and 1s defined 1n part by the apex 60,
the inner surtace 20, and the first and second axial ends 56, 58.
The pocket 62 i1s the result of the band’s mostly concave
curvature. As shown 1n FIG. 2, the first and second axial ends
56, 58 have rounded feet 64 near their {free ends and terminal
extremities 1 order to provide a somewhat dull contact inter-
face against the underlying hose, as compared to a sharper
interface that could come from non-rounded feet though this
1s an option for some embodiments. The rounded feet 64 are
curled end portions of the band 12. In use, the rounded feet 64
may exert a greater magnitude of clamping pressure com-
pared to a previously known flat-profiled band without feet
because the rounded feet provide less area through which
tightening force 1s exerted.

The arcuate profile of the band 12 imparts a restoring effect
to the clamping pressure over the use of the hose clamp 10
without the need of re-tightening of the worm drive mecha-
nism 14. Upon initial tightening, the axial ends 56, 58 are
flexed and displaced radially outwardly and the apex 60 is
physically flattened to a greater extent than when 1t 1s at rest,
and the band 12 thus loses some of its concave curvature. The
clasticity of the metal material causes the band 12 to exert a
continued force and tension against the hose. In a sense, the
arcuate profile ol the band functions like a leat spring. Though
the amount of flattening may wax and wane during use, the
force remains over time and during temperature fluctuations,
and the clamping pressure of the hose clamp 10 1s substan-
tially restored and maintained during use.

In the first embodiment of FIGS. 1-3, a hook 66 1s used to
connect the band 12 and the worm drive mechanism 14
together. Referring in particular to FIGS. 2 and 3, the hook 66
1s a unitary extension of the bottom wall 46 of the saddle 28
folded back toward itself; in other embodiments, the hook
could be a separate and distinct piece attached to the saddle.
As shown, the hook 66 extends from a terminal circumiteren-
tial end of the bottom wall 46 and, 1n assembly, the hook’s
longitudinal axis and greatest dimension 1s directed generally
along and generally follows the circumierence of the band 12.

The hook 66 has anosed end 68, a free end 70, a first axial end




US 9,200,737 B2

7

72, and a second axial end 74. On a radially inwardly-facing
side, the hook 66 has an inner surface 76 that, 1n use, directly
conironts the hose; and on a radially outwardly-facing side,
the hook has an outer surface 78 that directly confronts the
inner surface 20 of the band 12 across a space defined radially
between the hook’s outer surface and the band’s inner sur-
face.

In assembly 1n the first embodiment, the hook 66 extends
through a single cutout 80 in the band 12. The cutout 80 1s
located generally at the apex 60 of the band 12 so that, when
projected and routed therethrough, the hook 66 lies radially
underneath the band and 1s tucked within the pocket 62. Here,
and as shown best 1n FIG. 2, the first axial end 72 of the hook
66 directly contronts the inner surface 20 of the band 12 in the
axial direction, and the second axial end 74 of the hook
directly confronts the inner surface of the band 1n the opposite
axial direction. And, as already mentioned, the outer surface
78 of the hook 66 directly conironts the inner surface 20 of the
band 12 in the radially-outward direction. Referring to FIG. 2,
at the first and second axial ends 56, 58, the inner surface 20
of the band 12 1s located at a radial position from a center axis
A of the hose clamp 10 by a smaller distance compared to the
radial position from the center axis A of the inner surface 76
ofthe hook 66. In other words, the inner surface 20 at the axial
ends 56, 58 1s physically closer to the center axis A than the
inner surtace 76 of the hook 66. This means that the axial ends
56, 58 of the band 12 can make abutting contact with the
underlying hose upon 1nitial placement of the hose clamp 10
on the hose clamp, and during subsequent tightening of the
worm drive mechanism 14.

In the disclosed embodiments, the connection that keeps
the band 12 and the worm drive mechanism 14 together
facilitates a substantially continuous flmid-tight seal around
the circumierence of the hose clamp 10. In some previously
known hose clamps, the seal 1s discontinuous around the
clamp’s circumierence and 1s interrupted at a connection of a
worm drive mechanism and band; at the connection, portions
of the worm drive mechanism can often interfere with and
physically prevent contact between the band and the under-
lying hose or can otherwise interfere with the clamping pres-
sure applied at the connection; thus leakage occurs more
readily at the connection. In the first embodiment as described
immediately above, the hook 66 1s tucked underneath the
band 12 at the apex 60 and pocket 62, and therefore causes
limited or no interference to the fluid-tight seal around the
circumierence. The band 12 makes suitable sealing contact
with the hose at the first and second axial ends 56, 58 at the
connection and all around the circumierence of the band.

FIG. 4 shows a second embodiment of a hose clamp 110.
The hose clamp 110 of the second embodiment has simailari-
ties to the hose clamp 10 of the first embodiment, and some of
these similarities will not be repeated. A connection between
a band 112 and a worm drive mechanism 114 of the hose
clamp 110 i1s different in some ways than that of the first
embodiment. Referring to FIG. 4, a first hook 165 and a
second hook 167 are used to connect the band 112 and the
worm drive mechamsm 114 together. The first and second
hooks 165, 167 can be extensions of a bottom wall of a saddle
128, or can be extensions of first and second sidewalls 148,
150 (only one sidewall shown). Each of the hooks 165, 167
has a free end 170 which can be curled or otherwise bent
underneath the band 112. In assembly 1n the second embodi-
ment, the first hook 165 extends through a first cutout 179 in
the band 112, and the second hook 167 extends through a
second cutout 181 1n the band. The first and second cutouts
179, 181 can be located at or near an apex 160 of the arcu-
ately-profiled band 112 so that, when projected therethrough,
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the first and second hooks 165, 167 lie radially underneath the
band and are tucked in a pocket 162.

Similar to the first embodiment, first and second axial ends
156, 158 of the band 112 are located at a radial position from
the center axis A of the hose clamp 110 by a smaller distance
compared to the radial position from the center axis A of the
free ends 170 of the hooks 165, 167. In the second embodi-
ment too, this connection that keeps the band 112 and the
worm drive mechamism 114 together facilitates a substan-
tially continuous fluid-tight seal around the circumierence of
the hose clamp 110. In alternatives to the second embodi-
ment, there could be more hooks extending from the saddle
and more corresponding cutouts 1n the band; for example, a
first pair of hooks could extend from the bottom wall on one
axial side, and a second pair of hooks could extend from the
bottom wall on the opposite axial side.

FIG. 5 shows a third embodiment of a hose clamp 210. The
hose clamp 210 of the third embodiment has similarities to the
hose clamp 10 of the first embodiment, and some of these
similarities will not be repeated. A connection between a band
212 and a worm drive mechanism 214 of the hose clamp 210
1s different 1n some ways than that of the first embodiment.
Referring to FIG. §, a first hook 269 and a second hook 271
are used to connect the band 212 and the worm drive mecha-
nism 214 together (only one side of the hose clamp 210 1s
shown; the side not shown resembles that of FIG. 5). The first
and second hooks 269, 271 are unitary extensions ol respec-
tive first and second sidewalls 248, 250. The first hook 269
extends radially mmwardly from the first sidewall 248 and 1s
wrapped around a first axial end 256 of the band 212 and
radially underneath the band. Likewise, the second hook 271
extends radially inwardly from the second sidewall 250 and 1s
wrapped around a second axial end 258 of the band 212 and
radially underneath the band. The free ends of the hooks 269,
271 can be located at or near an apex of the arcuately-profiled
band 212 so that they are tucked in a pocket thereat, as
similarly described in previous embodiments.

A recess or step 290 1s located on each side of an 1ntersec-
tion of, and transition between, the respective sidewall 248,
250 and hook 269, 271. Fach hook 269, 271 has a circumfter-
ential or lateral length L, that 1s less than a circumierential or
lateral length L, of the respective sidewall 248, 250, creating
a step-like transition between the hooks and sidewalls. In this
way, 1n the third embodiment too, this connection that keeps
the band 212 and the worm drive mechamsm 214 together
facilitates a substantially continuous fluid-tight seal around
the circumierence of the hose clamp 210. Minimizing the
circumierential length L, reduces or altogether eliminates
interruption and interference of contact between the band 212
and the underlying hose. In alternatives to the third embodi-
ment, the recess could be in the form of a tapered edge of the
sidewall and the hook 1n order to provide the hook with a
reduced circumierential length.

FIGS. 6-8 show a fourth embodiment of a hose clamp 310.
The hose clamp 310 of the fourth embodiment has similarities
to the hose clamp 10 of the first embodiment, and some of
these similarities will not be repeated. A clamping-pressure-
restoring construction and effect in the fourth embodiment 1s
provided in a different way than that of the first embodiment.
Referring 1n particular to FIGS. 6 and 7, a spring 1s provided
in the form of multiple frusto-conical spring washers—com-
monly known as Belleville washers—that are stacked up
against one another between a screw 330 and a cover 326 of
a worm drive mechanism 314. The stacked washers are
located exteriorly of the cover 326. The stacked washers
include a first washer 311, a second washer 313, a third

washer 315, a fourth washer 317, a fifth washer 319, a sixth
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washer 321, a seventh washer 323, an eighth washer 325, a
ninth washer 327, and a tenth washer 329 arranged consecu-
tively next to and abutting one another between an open free
end 343 of the cover 326 and a flange surface 351 of a screw
head 352. The first washer 311 directly abuts the open free
end 343 and the tenth washer 329 directly abuts the flange
surface 351. The washers are disposed around an unthreaded
section 333 of a shank 335. Each of the washers has a concave
face 339 and an opposite convex face 341. Of the ten washers,
neighboring washers are paired off for a total of five pairs,
with each pair having their concave faces 339 directed toward
and confronting each other across a defined cavity 345 ther-
cbetween. As shown best in FIG. 7, the confronting concave
faces 339 make line contact at a circular interface at their
outermost ends. In other embodiments, for example, the
spring could be provided 1n another form such as a helical
spring disposed around the screw or merely disposed against
the screw to bias the screw and the band toward the tightening
direction; a different number of washers could be provided
including more or less than ten and 1including a single washer;
the washers could be disposed around the screw at another
location including at an opposite end of the screw than that
shown 1n the figures; and, 1n the case of another form of spring
such as a helical spring, the spring could be located inside of
the cover.

Upon rotation of the screw 330 and tightening of the hose
clamp 310, the first through tenth washers 311-329 are com-
pressed and displaced laterally inwardly toward one another.
That 1s, the washers are squeezed between the open free end
343 and the flange surface 351. The si1ze of the cavities 345 are
contracted as each of the washers 1s physically flattened to a
greater extent than when 1t 1s at rest. The squeezed washers
then exert a continued force and tension against the screw 330
and the cover 326 which remains and provides the clamping-
pressure-restoring eflect. If, for example, the underlying
hose, tube, or both are contracted in size due to a decreased
temperature, the squeezed washers accommodate this con-
traction by expanding and displacing laterally outwardly. The
screw 330 moves accordingly and pulls a band 312 to radially
contract 1t and tightens the hose clamp 310 down on the
slightly smaller underlying hose and tube. In this way, the
clamping pressure of the hose clamp 310 1s substantially
restored and maintained over the usetul lifetime of the hose

clamp and an etl

ective seal 1s therefore provided.
Furthermore, 1n the fourth embodiment, the screw 330
includes a terminal end cap 331. The terminal end cap 331 1s
a radlally expanding and flange-like portion of the screw 330
that 1s located outside of the cover 326 on an opposite side of
the cover as the washers. Upon rotation of the screw 330 and
tightening of the hose clamp 310, the terminal end cap 331
can bear against the cover 326 1n order to help prevent the
screw from moving 1n 1ts longitudinal direction while being
rotated, and help ensure that the screw rotates generally in-
place 1nside of the cover. Referring in particular to FIG. 7,
immediately adjacent the terminal end cap 331, an
unthreaded section 337 of the shank 335 permits a somewhat
limited extent of longitudinal movement and play of the screw
330 through a second open end 344 as the screw 1s tightened
and as the washers displace laterally inwardly and outwardly.
FIG. 8 shows an underside of the band 312 and shows a
connection between the band and the worm drive mechanism
314. As previously described for the first embodiment, a hook
366 1s used to make the connection here in the fourth embodi-
ment. Indeed, the connection and hook 366 shown in F1G. 8 1s
the same as the connection and hook 66 described for the first
embodiment and shown 1 FIGS. 2 and 3-FIG. 8 merely
provides another view of the hooks 66, 366. As before, the
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hook 366 1s a unitary extension of a saddle 328 folded back
toward itself. The hook’s 366 longitudinal axis and greatest
dimension 1s directed generally along and generally follows
the circumierence of the band 312. The hook 366 has a nosed
end 368, a {free end 370, a first axial end 372, and a second
axial end 374. The hook 366 extends through a single cutout

380 1n the band 312, and, as shown best in FIG. 7, the hook 1s
bent against and makes abutting contact with an inner surface

320 of the band. In this embodiment too, the band 312 has the
previously-described arcuate profile, and therefore the hook
366 1s tucked within a pocket 362. As shown best by FIG. 8,

the hook 366 1s substantially axially centered on the under-
side of the band 312 between a first axial end 356 and a second
axial end 358 of the band. In other embodiments, the band
need not have the previously-described arcuate profile, and
instead the spring washers alone could provide the clamping-
pressure-restoring etfiect 1in a suitable manner.

It 1s to be understood that the foregoing description 1s not a
definition of the invention, but 1s a description of one or more
preferred exemplary embodiments of the invention. The
invention 1s not limited to the particular embodiment(s) dis-
closed herein, butrather 1s defined solely by the claims below.
Furthermore, the statements contained i1n the foregoing
description relate to particular embodiments and are not to be
construed as limitations on the scope of the invention or on the
definition of terms used in the claims, except where a term or
phrase 1s expressly defined above. Various other embodi-
ments and various changes and modifications to the disclosed
embodiment(s) will become apparent to those skilled 1n the
art. All such other embodiments, changes, and modifications
are mntended to come within the scope o the appended claims.

As used 1n this specification and claims, the terms “for
example,” “for instance,” and “such as,” and the verbs “com-
prising,” “having,” “including,” and their other verb forms,
when used 1n conjunction with a listing of one or more com-
ponents or other items, are each to be construed as open-
ended, meaning that that the listing 1s not to be considered as
excluding other, additional components or items. Other terms
are to be construed using their broadest reasonable meaning
unless they are used in a context that requires a different
interpretation.

The mvention claimed 1s:

1. A hose clamp, comprising:

a band having a first circumierential end, a second circum-
ferential end, and a plurality of slots located between
said first and second circumferential ends, said band
having a first axial end and a second axial end, said first
and second circumferential ends and said first and sec-
ond axial ends being defined relative to a generally cir-
cular shape presented by said band during use of the hose
clamp, and said band extending from said first axial end
to said second axial end along a generally arcuate path,
said band further having a pocket defined at an underside
of said band by the generally arcuate shape; and

a worm drive mechanism connected to said band and oper-
able to radially contract said band during a tightening,
action of the hose clamp, said worm drive mechanism
including a screw with an at least partially threaded
shank that engages said slots of said band upon rotation
of said screw to cause the radial contraction of said band,
the connection between said worm drive mechanism and
said band including at least one hook with a free end
located at said pocket.

2. The hose clamp of claim 1, wherein, 1n use, said band

makes sealing contact with an underlying hose substantially
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continuously around the contacting circumierence of said
band without substantial interference by said at least one
hook.

3. The hose clamp of claim 1, wherein said band has a first
rounded foot at said first axial end and has a second rounded
foot at said second axial end, said first and second rounded
feet making greater sealing contact with an underlying hose
than that made by said band at said pocket.

4. The hose clamp of claim 1, wherein said free end of said
at least one hook 1s located at a radial outward position rela-
tive to a center axis ol the hose clamp that 1s farther away from
the center axis than a radially outward position of a radially-
inwardly-most surface of said band.

5. The hose clamp of claim 1, wherein said band has a
cutout, and said worm drive mechanism includes a saddle
from which said at least one hook extends, and said at least
one hook extends through said cutout at said pocket.

6. The hose clamp of claim 5, wherein said at least one hook
has a nosed end adjacent said cutout, and, between said free
end of said at least one hook and said nosed end, said at least
one hook 1s directed generally along the circumierence of
said band and 1s located within said pocket.

7. The hose clamp of claim 1, wherein the generally arcuate
path has an apex, said band has a cutout at said apex, and said
at least one hook extends through said cutout and lies at said
underside of said band adjacent said apex.

8. The hose clamp of claim 1, wherein said band has a first
cutout and a second cutout, said at least one hook includes a
first hook and a second hook, and said first hook extends
through said first cutout and said second hook extends
through said second cutout for the connection between said
worm drive mechanism and said band.

9. The hose clamp of claim 1, wherein said worm drive
mechanism mcludes a saddle having a sidewall, said at least
one hook extends from said sidewall, said at least one hook
extends around said first or second axial end to connect said
saddle to said band, a recess 1s located at a transition between
said sidewall and said at least one hook so that a lateral length
of said at least one hook at said axial end 1s less than a lateral
length of said sidewall.

10. The hose clamp of claim 1, wherein said worm drive
mechanism includes a cover and a saddle connected together
via a tab of said cover or of said saddle inserted into an
opening of the other of said cover or said saddle, said cover
encloses at least a part of said screw, said saddle supports said
band at said worm drive mechanism, and said at least one
hook extends from said saddle.
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11. The hose clamp of claim 1, wherein the generally
arcuate path of said band 1s displaced radially outwardly
during the tightening action of the hose clamp and thereby
exerts a force against an underlying hose after the tightening
action 1n order to maintain a clamping pressure on an under-
lying hose during use of the hose clamp.

12. The hose clamp of claim 1, further comprising at least
one spring that biases said screw to effect radial contraction of
said band 1n order to maintain a clamping pressure on an
underlying hose during use of the hose clamp.

13. The hose clamp of claim 12, wherein said at least one
spring 1s an at least one spring washer that 1s disposed around
said screw and that bears against said worm drive mechanism.

14. A hose clamp, comprising:

a band having a first circumierential end, a second circum-
ferential end, and a plurality of slots located between
said first and second circum{ierential ends:

a worm drive mechamsm connected to said band and oper-
able to radially contract said band during a tightening,
action of the hose clamp, said worm drive mechanism
including a screw with an at least partially threaded
shank that engages said slots of said band upon rotation
of said screw to cause the radial contraction of said band;
and

a spring causing continued radial contraction of said band
against an underlying hose during use of the hose clamp
in order to maintain a clamping pressure on the under-
lying hose, wherein said spring 1s constituted by a gen-
crally arcuate shape in axial sectional profile of said
band between a first axial end of said band and a second
axial end of said band, and, during use, the axial sec-
tional profile 1s displaced radially outwardly during the

tightening action of the hose clamp and thereby exerts a
force against the underlying hose after the tightening

action in order to maintain the clamping pressure on the
underlying hose, said first and second circumierential
ends and said first and second axial ends of said band
being defined relative to a generally circular shape pre-
sented by said band during use of the hose clamp.

15. The hose clamp of claim 14, wherein said spring causes
continued radial contraction of said band against the under-
lying hose when the underlying hose experiences size expan-
sion and contraction due to temperature fluctuations during
use of the hose clamp.
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